Method for forming a sloped surface having a predetermined slope by Blonder, Greg
Boston University
OpenBU http://open.bu.edu
Mechanical Engineering BU Open Access Articles
1997-04-23
Method for forming a sloped
surface having a predetermined
slope
This work was made openly accessible by BU Faculty. Please share how this access benefits you.
Your story matters.
Version Published version
Citation (published version): Greg Blonder. "Method for forming a sloped surface having a
predetermined slope." Patent EP-0499944-B1.
https://hdl.handle.net/2144/36328
Boston University
(19) 
Europaisches  Patentamt 
European  Patent  Office 
Office  europeen  des  brevets 
(12) 
p ts E P   0  4 9 9   9 4 4   B 1  
EUROPEAN  PATENT  S P E C I F I C A T I O N  
(45)  Date  of  publication  and  mention 
of  the  grant  of  the  patent: 
23.04.1997  Bulletin  1997/17 
(21)  Application  number:  92102240.6 
(22)  Date  of  filing:  11.02.1992 
(51)  Int  Cl.e:  G03F  7 / 2 0  
(54)  Method  for  forming  a  sloped  surface  having  a  predetermined  slope 
Herstellungsmethode  fur  abgeschragte  Oberflache  mit  vorbestimmter  Neigung 
Methode  pour  former  une  surface  inclinee  ayant  une  pente  predetermines 
DO 
^> 
O) 
O) 
O) 
^ -  
o  
a .  
LU 
(84)  Designated  Contracting  States: 
DE 
(30)  Priority:  20.02.1991  US  658145 
(43)  Date  of  publication  of  application: 
26.08.1992  Bulletin  1992/35 
(73)  Proprietor:  AT&T  Corp. 
New  York,  NY 10013-2412  (US) 
(72)  Inventor:  Blonder,  Greg  E. 
Summit,  N.J.  07901  (US) 
(74)  Representative:  Blumbach,  Kramer  & Partner 
Patentanwalte, 
Sonnenberger  Strasse  100 
65193  Wiesbaden  (DE) 
(56)  References  cited: 
US-A-  4  908  656 US-A-4  912  022 
Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give 
notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in 
a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid.  (Art. 
99(1)  European  Patent  Convention). 
Printed  by Jouve,  75001 PARIS (FR) 
1 EP  0  499  944  B1 2 
Description 
Field  of  the  Invention 
This  invention  relates  to  photolithography  and,  in 
particular,  to  a  method  for  forming  on  a  workpiece  in  a 
single  photolithographic  operation,  one  or  more  sloped 
surfaces  having  respective  predetermined  slopes.  The 
invention  can  be  used  to  form  rings,  plateaus,  tubs  and 
valleys. 
The  amount  of  light  transmitted  linearly  increases  be- 
tween  the  aligned  bases,  where  the  triangles  are  close 
together,  to  the  apices  where  transmission  is  essentially 
unimpeded.  By  deliberately  blurring  the  projected  image 
5 of  the  mask  on  the  substrate  during  exposure,  one  ob- 
tains  a  region  of  monotonically  varying  resist  thickness 
in  the  direction  between  the  bases  and  the  apices  rather 
than  a  binary  image  of  the  triangles.  More  specifically, 
a  workpiece  is  provided  with  a  sloped  surface  of  prede- 
10 termined  slope  by  the  steps  of: 
Background  of  the  Invention 
Photolithography,  the  art  of  using  light  to  transfer  an 
image  from  a  master  pattern  to  another  medium,  is  fun- 
damental  in  the  manufacture  of  semiconductor  and 
electro-optical  devices.  In  a  typical  photolithographic 
operation,  a  workpiece  such  as  a  planar  semiconductor 
substrate  is  coated  with  a  photosensitive,  etch-resistant 
material  called  photoresist.  The  photoresist  is  then  ex- 
posed  to  a  pattern  of  activating  radiation  by  transmitting 
light  through  a  patterned  mask  onto  the  coated  surface. 
After  exposure,  the  resist  is  developed.  If the  resist  is 
positive-working",  the  exposed  resist  is  washed  away. 
Typically  small  openings,  called  windows,  are  opened 
in  the  resist  permitting  selective  treatment,  such  as  etch- 
ing  or  doping  of  the  exposed  substrate.  Thus  precise 
two  dimensional  patterns  can  be  defined  and  treated. 
Photolithographic  etching  operations  are  typically 
"binary"  operations  in  the  sense  that  they  are  typically 
used  to  either  remove  a  given  two  dimensional  area  of 
a  layer  or  the  area  is  not  to  be  etched.  In  the  usual  case 
a  single  photolithographic  etching  step  provides  only 
limited  ability  to  shape  the  topology  of  a  workpiece  sur- 
face. 
From  document  US-A-4912022  there  is  known  a 
method  to  form  sloped  regions  by  using  a  diffuser  which 
is  employed  to  spread  light  near  the  edges  of  patterns 
found  in  a  mask.  The  light  passes  through  transmissive 
regions  in  the  mask  and  exposes  distinct  regions  of  re- 
sist. 
Significant  topology  shaping  typically  requires  spe- 
cial  etchants  and  numerous  etching  steps  with  different 
masks. 
Summary  of  the  Invention 
Applicant  has  discovered  that  by  proper  design  of 
mask  and  proper  choice  of  exposure,  a  photolithograph- 
ic  operation  can  form  a  surface  having  a  predetermined 
slope.  In  essence,  the  mask  is  designed  to  smoothly  and 
monotonically  vary  the  light  intensity  in  the  direction  of 
slope  and  the  intensity  of  exposure  is  chosen  within  a 
range  of  values  for  which  the  thickness  of  the  developed 
resist  is  proportional  to  exposure. 
In  a  preferred  embodiment,  the  mask  provides  a 
smooth,  monotonic  variation  in  intensity  by  providing  a 
sequence  of  opaque  triangles  having  aligned  bases. 
a)  coating  the  workpiece  with  resist, 
b)  exposing  the  resist-coated  workpiece  through  a 
suitable  mask  to  activating  radiation  which  monot- 
15 onically  varies  in  the  direction  of  slope, 
c)  developing  the  exposed  resist,  and 
d)  etching  the  resulting  structure  to  form  an  intaglio 
pattern  in  the  workpiece  surface. 
20  Brief  Description  of  the  Drawing 
The  advantages,  nature  and  various  additional  fea- 
tures  of  the  invention  will  appear  more  fully  upon  con- 
sideration  of  the  illustrative  embodiments  now  to  be  de- 
25  scribed  in  detail  in  connection  with  the  accompanying 
drawings,  in  which: 
FIG.  1 is  a  flow  diagram  showing  the  steps  for 
providing  a  workpiece  with  a  plurality  of 
30  distinctly  sloped  surfaces  in  accordance 
with  the  invention. 
FIGS.  2-5  show  schematic  cross  sections  of  a  work- 
piece  at  various  steps  in  the  process  of 
FIG.  1. 
35  FIG.  6  is  a  photograph  showing  the  central  por- 
tion  of  an  exposure  mask  used  in  the  proc- 
ess  of  FIG.  1. 
FIG.  7  is  an  enlarged  photograph  of  a  portion  of 
the  mask  of  FIG.  6. 
40  FIG.  8  is  a  microphotograph  of  a  reflector  struc- 
ture  having  a  plurality  of  distinctly  sloped 
surfaces  made  using  the  method  of  FIG. 
1 and  the  mask  of  FIG.  6. 
45  It  is  to  be  understood  that  these  drawings  are  for 
purposes  of  illustrating  the  concepts  of  the  invention. 
Except  for  FIGS.  6,  7  and  8,  the  drawings  are  not  to 
scale. 
so  Detailed  Description 
Referring  to  the  drawings,  FIG.  1 illustrates  the 
steps  for  providing  a  workpiece  with  sloped  surface  hav- 
ing  a  predetermined  slope.  FIGS.  2-5  schematically  il- 
55  lustrate  the  structures  produced  at  various  steps  of  the 
process  of  FIG.  1 . The  process  will  be  illustrated  in  the 
context  of  forming  a  concentric  ring  reflector  arrange- 
ment  with  a  central  lens  as  depicted  in  FIG.  8. 
2 
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FIG.  1 Ashowsthefirststep  is  coating  the  workpiece 
surface  to  be  processed  with  a  thin  layer  of  photoresist. 
This  coating  step  is  conventional  and  typically  involves 
spin  depositing  a  layer  of  photoresist  on  a  workpiece. 
The  result,  schematically  illustrated  in  FIG.  2,  is  a  work- 
piece  1 0  upon  which  is  disposed  a  photoresist  layer  20. 
In  making  the  reflector  structure  of  FIG.  8  a  four  microm- 
eter  layer  of  AZ  1 400-31  (trademark)  photoresist  is  spin 
deposited  on  a  0.127  mm  (five  mil)  indium  phosphide 
substrate. 
The  second  step  shown  in  FIG.  IB  involves  expos- 
ing  the  resist-coated  workpiece  to  activating  radiation  in 
a  pattern  which  linearly  varies  in  average  intensity  from 
the  higher  edge  of  a  desired  sloped  surface  to  the  lower 
edge.  For  a  positive  working  resist,  the  average  intensity 
should  be  of  lowest  value  along  a  line  30  along  the  high 
edge  of  the  desired  slope  and  greatest  along  a  line  31 
at  the  lower  edge.  For  a  negative  working  resist  the  av- 
erage  intensity  should  be  greatest  at  30  and  least  at  31  . 
Conveniently  such  exposure  is  effected  as  shown  in 
FIG.  3  by  shining  ultraviolet  light  34  from  a  source  33 
through  a  transmission  mask  32  having  a  linearly  vary- 
ing  transmission  pattern  in  the  direction  x  of  greatest 
slope. 
FIGS.  6  and  7  illustrate  an  exposure  mask  useful  in 
the  process  of  FIG.  1 . FIG.  6  shows  the  central  portion 
of  a  mask  for  etching  a  series  of  reflector  rings.  FIG.  7 
is  an  enlarged  portion  showing  the  elements  of  the 
mask.  In  essence,  the  mask  comprises  a  pattern  which 
permits  transmission  of  a  linearly  increasing  average 
amount  of  light  as  one  progresses  in  the  x-direction  from 
the  high  edge  of  the  proposed  sloping  surface  to  the  low 
edge  of  the  surface.  The  mask  of  FIG.  6  is  designed  to 
produce  a  plurality  of  concentric  rings  comprising  grad- 
ually  sloped  regions  corresponding  to  Rings  Rl,  R2,  R3 
etc.  and  abrupt  reductions  in  thickness  corresponding 
to  open  areas  64.  Such  a  mask  can  conveniently  com- 
prise  sequential  rings  of  opaque  triangular  regions  60  of 
FIG.  7  having  aligned  bases  62  and  aligned  apices  63. 
The  average  amount  of  light  transmitted  through  the 
mask  at  a  given  distance  d  between  the  bases  and  the 
apices  is  substantially  proportional  to  the  separation  s 
between  adjacent  triangles  60  at  distance  d.  Since  the 
separation  s  varies  linearly  with  d,  the  average  amount 
of  light  transmitted  also  varies  linearly  with  d.  A typical 
triangular  region  60  has  a  base  of  about  2.5  micrometers 
and  an  altitude  of  about  27  micrometers.  Such  a  mask 
is  readily  fabricated  using  conventional  E-beam  pattern- 
ing  equipment  such  as  an  EBES  Pattern  Generator 
(trademark)  marketed  by  Perkin-Elmer  Corporation. 
The  manner,  intensity  and  time  of  exposure  are  cho- 
sen  to  produce  a  monotonically  varying  thickness  of  de- 
velopable  resist  in  the  direction  of  desired  slope,  pref- 
erably  a  linearly  varying  thickness  of  resist  that  can  be 
replicated  in  the  underlying  substrate.  To  achieve  this 
result  using  the  mask  of  Figs.  6  and  7,  the  intensity  and 
time  of  exposure  are  chosen  to  lie  within  the  empirically 
determinable  range  for  which  the  thickness  of  the  de- 
veloped  resist  is  proportional  to  exposure.  For  the  AZ 
1400-31  (trademark)  resist  used  in  this  example,  suita- 
ble  exposure  was  for  two  seconds  to  a  mercury  arc  lamp 
in  a  GCA  stepper,  Model  MANN  4800  (trademark).  Ex- 
5 posure  was  in  a  5:  1 reducing  stepper.  For  other  resists 
and  light  sources,  the  linear  region  of  exposure  can  be 
determined  by  exposure  of  a  resist  coated  sample 
through  a  wedge  neutral  density  filter.  After  develop- 
ment,  measurement  of  the  resist  thickness  using  con- 
10 ventional  instruments  such  as  a  Dektak  (trademark)  pro- 
file  measuring  instrument  will  reveal  the  linear  exposure 
level. 
The  manner  of  exposure  is  chosen  to  blu  r any  sharp 
image  of  the  exposure  mask  and  thus  produce  a  sloping 
is  surface  rather  than  a  sharp  image  of  the  mask.  One 
technique  for  blurring  the  image  uses  diffraction.  To  ac- 
complish  diffraction  blurring,  one  uses  opaque  mask  el- 
ements  that  are  about  one-half  the  minimum  line  width 
for  which  the  exposure  system  was  designed.  For  ex- 
20  ample  a  number  of  presently  available  commercial  sys- 
tems  have  light  collimation  and  lens  quality  appropriate 
for  one  urn  design.  In  such  a  system,  a  mask  comprised 
of  triangular  elements  having  half-urn  bases  would  be 
suitably  blurred  in  the  direction  transverse  to  the  slope 
25  gradient.  Larger  mask  elements  can  be  used  in  the 
same  system  by  using  a  reducing  stepper.  For  example, 
use  of  a  5:1  reducing  stepper  would  provide  blurring  of 
two-and-one  half  urn  mask  elements  in  a  one  urn  expo- 
sure  system.  Alternatively,  one  can  blur  the  image  of  the 
30  mask  elements  by  placing  a  diffuser  between  the  light 
source  and  the  mask.  A sheet  of  0.127  mm  (5  mil)  pol- 
ytetrafluoroethylene  was  found  to  be  an  especially  good 
diffuser  for  ultraviolet  light. 
Referring  to  FIG.  1C,  the  next  step  after  exposure 
35  is  to  develop  the  exposed  resist.  The  result  of  such  de- 
velopment  is  a  workpiece  with  an  intaglio  mask  of  resist 
on  the  surface  as  schematically  shown  in  FIG.  4.  As 
shown  in  FIG.  4,  with  a  positive  resist,  the  region  of 
greatest  resist  thickness  (near  line  30)  corresponds  to 
40  the  region  of  least  exposure  and  the  region  of  least  thick- 
ness,  the  greatest  exposure.  Advantageously  after  de- 
velopment  the  resist  is  baked  in  the  usual  fashion.  In 
making  the  reflector  of  FIG.  8,  the  exposed  resist  was 
developed  for  30  seconds  in  Shipley  505  Developer 
45  (trademark)  and  baked  at  90°C  for  30  minutes. 
The  next  step  shown  in  FIG.  1D  is  to  etch  the 
masked  workpiece  to  etch  away  the  resist  mask  and 
produce  in  the  workpiece  surface  an  intaglio  pattern  cor- 
responding  to  the  intaglio  pattern  of  the  resist.  As  can 
so  be  seen  from  FIG.  5,  this  pattern  correspondence  oc- 
curs  because  the  thinner  regions  of  resist  are  etched 
away  first,  permitting  deeper  etching  of  the  workpiece 
in  the  underlying  regions.  Thicker  regions  of  resist  pro- 
tect  the  workpiece  longer  resulting  in  shallower  etching 
55  of  the  underlying  substrate.  In  making  the  structure  of 
FIG.  8  the  baked  structure  was  placed  in  a  Plasma  Tech- 
nologies  Plasmalab  (trademark)  reactive  ion  etcher  with 
anodized  aluminum  electrodes.  The  bottom  electrode 
3 
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was  maintained  at  a  temperature  of  70°C  and  was  com- 
pletely  covered  by  a  quartz  plate  thermally  bonded  to  it. 
After  plasma  cleaning  the  chamber  with  02,  the  structure 
was  thermally  bonded  to  the  quartz  plate  by  a  thin  film 
of  diffusion  pump  fluid.  The  etcher  was  then  evacuated 
to  1 .333  Pa  (10-5  Torr)  and  plasma  gases  consisting  of 
SiCI4  at  1 0  cm3  (10  seem),  H2 at  1 0  cm3  (10  seem),  and 
CH4  at  1 cm3  (1 seem)  were  flowed  through  at  a  total 
pressure  of  1.999  x  103  Pa  (1.5  x  10"2  Torr).  RF  power 
at  13.6  MHz  was  applied  at  180  watts  for  60  minutes, 
giving  300  volts  d.c.  self-bias. 
The  result  of  such  etching  is  a  workpiece  having  a 
plurality  of  distinct  sloped  surfaces.  The  slopes  extend 
downward  from  the  regions  of  minimal  exposure  corre- 
sponding  to  the  line  of  triangle  bases  to  the  regions  of 
maximal  exposure  corresponding  to  the  line  of  apices. 
Thus  the  degree  of  slope  is  determined  by  the  etching 
depth,  the  relative  etch  rates  of  the  photoresist  and  the 
substrate  in  the  etcher,  and  the  distance  between  the 
two  regions,  which  in  this  embodiment,  is  the  altitude  of 
the  triangles  comprising  mask  32.  The  resulting  struc- 
ture  comprising  an  indium  phosphide  workpiece  with  a 
plurality  of  concentric  rings  is  photographically  depicted 
in  FIG.  8.  This  structure,  is  useful  as  a  reflecting  arrange- 
ment  to  increase  the  amount  of  light  from  an  underlying 
LED  that  can  be  coupled  into  an  overlying  optical  fiber. 
Claims 
1.  A method  for  providing  a  workpiece  with  a  sloped 
surface  comprising  the  steps  of 
coating  the  workpiece  with  resist; 
exposing  the  coated  workpiece  through  a  mask 
to  activating  radiation  of  an  intensity  which  var- 
ies  monotonically  in  the  direction  of  desired 
slope; 
developing  the  exposed  resist  to  produce  a  pat- 
tern  of  resists  which  slopes  in  the  desired  direc- 
tion;  and 
etching  the  resulting  structure  to  produce  the 
desired  sloped  surface  in  the  substrate,  where- 
in  said  monotonic  variation  in  intensity  is  ob- 
tained  through  an  averaging  effect  over  struc- 
tures  of  said  mask. 
2.  The  method  of  claim  1 wherein  said  coated  work- 
piece  is  exposed  to  activating  radiation  by  exposing 
the  workpiece  to  diffuse  radiation  passing  through 
an  exposure  mask  having  a  transmission  pattern 
which  varies  linearly  in  the  direction  of  desired 
slope. 
3.  The  method  of  claim  1 wherein  said  coated  work- 
piece  is  exposed  to  activating  radiation  by  exposing 
the  workpiece  to  radiation  passing  through  an  ex- 
posure  mask  comprising  a  plurality  of  opaque  trian- 
gular  regions  having  aligned  bases  and  aligned  ap- 
ices. 
4.  The  method  of  claim  1 wherein  said  coated  work- 
5 piece  is  exposed  to  a  reduced  image  of  said  mask. 
5.  The  method  of  claim  1 wherein  said  resist  is  positive 
working  photoresist  activated  by  ultraviolet  light  and 
said  coated  workpiece  is  exposed  to  activating  ra- 
10 diation  by  exposing  the  workpiece  to  ultraviolet  light 
passing  through  an  exposure  mask  comprising  a 
plurality  of  opaque  triangular  regions  having  their 
bases  aligned  along  a  line  constituting  a  high  edge 
of  the  desired  sloped  region  and  having  their  apices 
is  aligned  along  a  line  constituting  a  low  edge  of  said 
sloped  region. 
Patentanspriiche 
20 
1.  Verfahren  zur  Bereitstellung  eines  Werkstucks  mit 
einer  geneigten  Flache  mit  den  Verfahrensschrit- 
ten: 
25  Beschichten  des  Werkstucks  mit  einem  Resist, 
Bestrahlen  des  beschichteten  Werkstucks 
durch  eine  Maske  mit  einer  aktivierenden  Be- 
strahlung  einer  Intensitat,  die  sich  monoton  in 
Richtung  der  gewunschten  Neigung  andert, 
30  Entwickeln  des  bestrahlten  Resists  zur  Erzeu- 
gung  eines  Resistmusters,  das  sich  in  der  ge- 
wunschten  Richtung  neigt,  und 
Atzen  der  sich  ergebenden  Struktur  zur  Erzeu- 
gung  der  gewunschten,  geneigten  Flache  im 
35  Substrat,  wobei  die  monotone  Anderung  der  In- 
tensitat  durch  einen  Mittelwert-Bildungseffekt 
iiber  Strukturen  der  Maske  gewonnen  wird. 
2.  Verfahren  nach  Anspruch  1 , 
40  bei  dem  das  beschichtete  Werkstuck  der  aktivieren- 
den  Strahlung  durch  Aussetzen  eines  diffusen 
Strahlungsdurchgangs  durch  eine  Bestrahlungs- 
maske  mit  einem  Ubertragungsmuster  unterworfen 
wird,  das  sich  linear  in  Richtung  der  gewunschten 
45  Neigung  andert. 
3.  Verfahren  nach  Anspruch  1 , 
bei  dem  das  beschichtete  Werkstuck  der  aktivieren- 
den  Strahlung  durch  Aussetzen  eines  Strahlungs- 
50  durchgangs  durch  eine  Bestrahlungsmaske  unter- 
worfen  wird,  wie  eine  Vielzahl  von  undurchlassigen, 
dreieckformigen  Bereichen  mit  ausgerichteter  Ba- 
sis  und  ausgerichteten  Spitzen  umfaBt. 
55  4.  Verfahren  nach  Anspruch  1 , 
bei  dem  das  beschichtete  Werkstuck  einem  verklei- 
nerten  Bild  der  Maske  ausgesetzt  wird. 
4 
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5.  Verfahren  nach  Anspruch  1, 
bei  dem  der  Resist  ein  positiv  arbeitender  Fotore- 
sist  ist,  der  durch  ultraviolettes  Licht  aktiviert  wird, 
und  das  beschichtete  Werkstuck  dem  Ultraviolett- 
Licht-Durchgang  durch  eine  Bestrahlungsmaske 
ausgesetzt  wird,  die  eine  Vielzahl  von  undurchlas- 
sigen,  dreieckformigen  Bereichen  umfaBt,  deren 
Basis  entlang  einer  Linie  ausgerichtet  sind,  die  eine 
Hochkante  des  gewunschten  Neigungsbereichs  bil- 
det,  und  deren  Spitzen  entlang  einer  Linie  ausge- 
richtet  sind,  die  eine  niedrige  Kante  des  Neigungs- 
bereichs  bildet. 
Revendications 
1.  Methode  pour  former  une  surface  inclinee  ayant 
une  pente  predeterminee,  comprenant  les  etapes 
suivantes  : 
la  piece  est  recouverte  de  resine 
photosensible  ; 
la  piece  recouverte  de  resine  est  exposee  a  tra- 
vers  un  masque  a  un  rayonnement  activant 
dont  I'intensite  varie  de  maniere  monotone  se- 
lon  la  direction  de  la  pente  voulue  ; 
la  resine  exposee  est  developpee  pour  produi- 
re  un  motif  dans  la  resine  ayant  une  pente  selon 
la  direction  voulue  ; et 
la  structure  resultante  est  attaquee  pour  former 
la  surface  inclinee  voulue  dans  le  substrat  dans 
lequel  ladite  variation  monotone  d'intensite  est 
obtenue  par  un  effet  de  moyenne  realise  par 
des  structures  dudit  masque. 
2.  Methode  selon  la  revendication  1 dans  laquelle  la- 
dite  piece  recouverte  de  resine  est  exposee  a  un 
rayonnement  activant  obtenu  en  exposant  la  piece 
a  un  rayonnement  diffus  qui  passe  au  travers  d'un 
masque  d'exposition  dont  la  fonction  de  transmis- 
sion  varie  lineairement  selon  la  direction  de  la  pente 
voulue. 
3.  Methode  selon  la  revendication  1 dans  laquelle  la- 
dite  piece  recouverte  de  resine  est  exposee  a  un 
rayonnement  activant  obtenu  en  exposant  la  piece 
a  un  rayonnement  traversant  un  masque  d'exposi- 
tion  qui  comprend  de  nombreuses  zones  triangulai- 
res  opaques  dont  les  bases  sont  alignees  et  les 
sommets  sont  alignes. 
4.  Methode  selon  la  revendication  1 dans  laquelle  la- 
dite  piece  recouverte  de  resine  est  exposee  a  une 
image  reduite  dudit  masque. 
5.  Methode  selon  la  revendication  1 dans  laquelle  la- 
dite  resine  est  une  resine  photosensible  a  mode 
d'action  positif  activee  par  de  la  lumiere  ultraviolette 
et  ladite  piece  recouverte  de  resine  est  exposee  a 
un  rayonnement  activant  par  exposition  de  la  piece 
a  la  lumiere  ultraviolette  qui  traverse  un  masque 
d'exposition  comprenant  de  nombreuses  zones 
5 triangulaires  opaques  dont  les  bases  sont  alignees 
selon  une  ligne  constituant  une  arete  haute  de  la 
surface  inclinee  voulue  et  dont  les  sommets  sont 
alignes  selon  une  ligne  constituant  une  arete  basse 
de  ladite  surface  inclinee. 
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